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I. Introduction

The purpose of this paper, which is one of a series on the general

problem of the physiology of fertility in plants, is to present the

results of a biometric study of variation and correlation in the

inflorescences of Manfreda virginica.

This study was planned, the materials collected, and practically

all the tabulations made at the Missouri Botanical Garden in 1906

and 1907.1 The calculations were, in large part, carried out in

the Biometric Laboratory at University College, London, in 1908.

The long delay in completing the manuscript for publication has

been in part due to pressure of other work and in part to an effort

to secure formulae to deal more effectively with certain phases of

the problem.

The ooints to be esoeciallv considered are :—

1. The variability and correlation of the same species when

growing in different habitats.

2. The correlation between the number of flowers produced and

the number of capsules developing, and between the number of

flowers and capsules produced and the number of seeds developing.

3. The relationship between position of the flower on the inflor-

escence and fruit production.

4. The correlation between position of the flower on the in-

florescence and the number of seeds per locule and per fruit. .

5. The correlation between the position of the fruit on the

inflorescence and the number of seeds per locule and per fruit.

6. The correlation between the number of seeds in the 3 loc-

ules of the fruit.

\ The initial stages of the work were aided by a grant from the American As-

sociation for the Advancement of Science.
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II. Materials

The inflorescence of M. virginica is a favorable subject for work
on the problem of fertility. Since all the flowers are arranged on

a single axis, it is easy to consider the influence of position on the

inflorescence upon the chances of development of the fruit and

upon the characteristics of the matured fruit. The flowers which

fail to produce fruits leave a conspicuous scar, so that the number
of flowers produced may be accurately determined. The ripened

4

seeds have a fine black color and are easily counted. Unfor-

tunately it is impossible to determine the number of ovules

formed. The trimerous nature of the fruit makes possible the

consideration of certain problems concerning the interrelationship

of numbers of seeds per locule.

Collections of material were taken from 2 different localities.

The first was the more open woods at Meramec Highlands, near

St. Louis. The second was the edge of the limestone cliffs along

the Mississippi River, south of Jefferson Barracks, Mo.
In the absence of quantitative criteria no attempt will be made

to distinguish in any precise way between the conditions for plant

growth in these 2 habitats. The general impression conveyed

by an examination of the two habitats was that growth at Mera-

mec Highlands was much more luxuriant than that on the crests

of the cliffs south of Jefferson Barracks.
The countings made comprise the following
1. Number of flowers per inflorescence (/).

2. Number of capsules matured per inflorescence (c).

3. The actual position of the capsule on the inflorescence (?)•

This is the position of the flower measured from the proximal end

of the inflorescence. Thus the position of the first flower is 1,

while that of the terminal flower is measured by the number of

flowers produced on the inflorescences.

4. Relative position of the capsule (r). This measures the

position of the individual capsule in the series produced by an

inflorescence. Thus the relative position of the lowermost capsule

will be 1, whatever the position of the flower which produced it,

while that of the most distal capsule will be the same as the

number of capsules produced by the mflorescence in question.



,1924]

HARRIS IHE INFLORESCENCEOF MANFREDAVIRGTNICA 413

5. Number of seeds per locule (s).

The symbols in parentheses are those used to designate the
several characters in the formulae.

The heavy work of counting the number of seeds per locule was
carried out in only 1100 inflorescences or 18774 locules. Number
of flowers and number of capsules was determined in a larger
number of inflorescences, 3425 in all.

For convenience of reference the series of material are desig-
nated as follows :

—

I. Three hundred inflorescences, Meramec Highlands, 1906.
Seeds counted.

II. Two hundred fifty inflorescences, below Jefferson Bar-
racks, 1906. Seeds counted.

III. One thousand inflorescences, below Jefferson Barracks,
1906. Flowers and fruits only counted.

IV. Three hundred inflorescences, Meramec Highlands, 1907.

Seeds counted.

V. Three hundred five inflorescences, Meramec Highlands,
1907. Flowers and fruits only counted.

VI. Two hundred fifty inflorescences, below Jefferson Bar-
racks, 1907. Seeds counted.

VII. One thousand twenty inflorescences, below Jefferson

Barracks, 1907. Flowers and fruits only counted.

In studies involving only the number of flowers and number of

fruits per inflorescence series II and III can be treated together;

series IV can be combined with series V; and series VI added to

series VII for the purpose of securing larger and smoother dis-

tributions. In respect to these characters series IV and V and
series VI and VII should show only the differences due to random
sampling, since practically all the material for each of the pairs

was taken at one time and a subsample was drawn at random for

the seed countings.

The lot of material from the Jefferson Bai*racks locality for 1907
IS not strictly comparable with that for 1906 in one respect. The
plants from which the countings of the number of seeds per locule

Were made in 1906 were collected all along the bluffs from Jef-

ferson Barracks to a point above Cliff Cave. In 1 907 the material

from which the countings of seed number were made was taken
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TABLE I

FREQUENCYDISTRIBUTION OFNUMBEROFFLOWERSPERINFLORESCENCE
WITH TOTAL NUMBEROF FRUITS AND SEEDS PRODUCEDBY EACH

CLASSOF INFLORESCENCEIN 4 SERIES IN WHICHNUMBEROF
SEEDSPER LOCULEWASDETERMINED

Flowers
f

J

1

J. B. 1906 J. B. 1907 M. H.

:

1906 M. H.

:

L607
^^k 4> %^ w ^^ ^b ^v«

Fruits Seeds f Fruita Seeds f Fruits Seeds f Fruits Seeds

2 1 47 1

1

,

6 1 2 58
1 _

7 1 4 148
1

1 1 43
8

1

1 — -.« 1 2 73
9 1X

1

2 67
1

1 2 82 1 1 27
10

1

i 1 7 85 ^-^

11 2 6 193
1

1 7 66
12 3 8 220

1

1
1 3 154 _

13 1 2 56 2 4 138 2 6 163 4 13 291
14 7

1

20 593
1

5 13 452 2 5 147 -.—

,

—
15 8 21 664 2 6 323 1 4 156 6 21 769
16 9 29 960 6 24 807 2 7 221 7 21 917
17 15 37 1141 11 50 1681 4 14 658 6 21 778
18 12 43 1335 12 39 1511 6 26 1152 10 39 1640
19 17 60 1435 6 26 941 8 35 1505 16 59 2552
20 15 64 1676 11 43 1400 10 40 1452 12

1

47 1557
21 25 104 2764 6 24 686 14 69 2441

1

11 50 2012
22 18

1

79 2291 14 65 2389 10 42 1559 19 79 3279
23 12 51 1196 18 93 2918 7 36 1443 4 15 655
24 8

J

33 1077 14 68 2118 12 65 2612 13 73 2765
25 14 60 2003 15 82 2320 13 75 3071 15 79 2752
26 9

1

53 1469 11 62 2152 15 88 3722 16 86 3413
27 11 45 1654 14 74 2320 18 124 5353 16 83 2799
28 6 23 462 7 33 1067 17 103 4365 14 78 3339
29 7 37 878 5 30 1038 11 57 2399 13 80 2829
30 6

1

30 1234 7 44 1440 13 90 3819 9 60 2175
- — ^ _^^k

31 1 4 147 6 30 1026 18 128 5109 14 94 2942
32 6 37 1570 8 54 1852 6 42 1840 14 84 3419
33 4 22 767 9 61 1890 16 129 5237 7 47 1621

^-b. .^i^ .^^ J'^^

34 6
1

44 1628 9 65 2059 12 114 5059 13 92 3932
35 4

_ 1

26 1084 12 77 2640 17 127 4510 10 83 3426
36 6 39 1584 5 28 938 9 73 2859 6 48 1536

37 o 16 462 6 51 1310 7 57 2343 6 47 1854

38 4 27 894 2 18 762 3 20 891 4 33 1292

39 1 7 263 4 28 903 5 41 1556 5 55 2152

40 1 8 345 3 17 607 6 50 2436 5 44 1715

41 1 10 227 3 25 684 3 31 1183 4 32 1134

42 1 11 355 3 25 938 7 70 3027 3 27 906
^ -^ H n

43 2 17 662 2 31 828 1 9 360 3 28 1113

44 — 3 17 609 2 13 510 4 32 1592

45 1 10 222 3 30 692 5 55 2345 1 8 428

46 — 3 32 1318 3 33 1251 1 13 453

47 1 16 454 1 10 356 1 9 256 —

-

- ~^

48 • — . 5 47 2028 1

1

1
^ ^

^

49 .

[
1 7 337

1

—

50 1 12 326 — j^^

51 ^—

.

——

•

^^ ^^^ X,^

1

2 22 1188

52 __ —-

1

1

!

__
—

63 —
, 1 12 388 1 13 465

54 — —
^

3 41 2150
55

1

—
1

L
1

1

1

2 28 1178 ^—
60
61

1

1

1 —
}

1 6- 195
1

2 20 __655_
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entirely from the vicinity of Cliff Cave. The 1000 stalks taken

in 1906 for countings of flowers and fruits only and the entire

series of 1270 inflorescences taken in 1907 are therefore directly

comparable as samples of the same species from the same locality

for 2 years.

III. Presentation and Analysis of Data

1. TYPE ANDVARIATION IN DIFFERENT HABITATS

In this section we have to consider the frequency distributions

of number of flowers and fruits per inflorescence, and the number

of seeds matured per locule and per fruit.

In doing this we shall hope to replace the impression of chaotic

disorder which must be the result of mere inspection in the field

by a definite mental picture of the orderliness which prevails in

the frequencies of the numbers of flowers and fruits, in the position

of insertion of the fruits, and in the number of seeds per locule and

per fruit.

The frequency distribution of number of flowers per inflores-

cence in the 4 series in which the number of seeds was determined

is shown in table i.^ For the 3 other series, in which flowers and

fruits only were counted, the reader must consult table ii.

Because of the wide range of variation in number of flowers per

inflorescence, very irregular graphs are obtained if the ungrouped

frequencies are plotted. Grouping in classes of 3-units range and

reducing to percentage frequencies we have the distributions for

the two habitats represented in fig. 1 for 1906 and m fig. 2 for

1907. In 1906 the results for Meramec Highlands (N = 300)

and Jefferson Barracks (N = 1250) are not in good agreement.

The distribution for Meramec Highlands is particularly irregular,

but this is doubtless due in large part to the fact that this series

comprises only 300 inflorescences— less than one quarter the

number from Jefferson Barracks. In 1907 the - distributions

represent 605 inflorescences for Meramec Highlands and 1270 for

Jefferson Barracks, and are in much closer agreement.

^The frequencies of inflorescences with varying numbers of flowers are alone

required here. The total fruits and total seeds which are also given will be used

^or the determination of correlations in a subsequent section.
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Fig. 1. Percentage frequency distribution of number of flowers per inflorescence in 2 habitats in 1906. Circles = Meramec Highlands,
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Fig. 2. Percentage frequency diBtribution of number of flowers per inflorescence in 2 habitats in 1907. Circles = Meramec Highlands,
solid dots = Jefferson Barraclcs.
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TABLF. II

FREQUENCYDISTRIBUTION OFNUMBEROFFLOWERSPERINFLORESCENCE
ANDTOTALNUMBEROFFRUITS ONEACHCLASSOFINFLORESCENCEIN

3 SERIES IN WHICHFLOWERSANDFRUITS ONLYWERECOUNTED

Flowers
J. B. 1906 J. B. 1907 M. H. 1907

f Fruits f Fi uits

r

f Fruits

4 1 2 -J _

6 1 2 ^^^

7 2 4 2 5 ^_ -^«

8 1 2 _-*

9 1 1 4 11 1 2
10 1 2 2 2 _««

11 5 13 4 12 2 6
12 3 8 9 26 2 4
13 11 31 18 60 2 6
14 14 39 19 70 5 15
15 17 49 15 51 6 15
16 42 140 30 116 8 34
17 43 160 22 87 6 20
18 49 190 26 108 15 56
19 53 209 39 167 7 33
20 51 208 39 170 10 47
21 54 239 37 162 12 48
22 59 262 66 340 16 7S
23 54 258 52 246 5 28
24 64 327 43 227 17 86
25 58 312 46 276 14 72
26 58 364 30

, 172
1

18 105
27 78 415 40 248 7 39
2S 36 226 46 285 13 72
29 36 260 43 296 10 51
30 33 219 31 212 10 69
31

1

24 180 36 302 14 94
32 23 156 30 218 10 66
33 17 111 41 290 11 71
34 19 146 25 204 16 106
35 16 117 23 184 6 46
36 15 111 27 236 6 42
37 9 69 23 190 7 48
38 10 99 16 146 10 75
39 9 87 22 196 5 42
40 6 48 11 99 7 69
41 5 48 13 131 6 52
42 4 36 15 137 2 22
43 3 31 10 115 4 35
44 2 9 11 113 2 22
45 3 32 12 131 4 21

46 5 54 9 92 1 18
. 47 — .._ 4 50 2 21

48 2 23 7 100 3 44
49 — 3 43 3 36
50 2 23 3 31 —

. —

51 2 32 3 34
,—

52 — .^^ 4 46 .
^^ rf^

53 — *«- 2 22 1 20

54 1 11 1 1 1 14 — -

—

56 - - 1 1 12 -

—

—
57 1 19 — -

—

58 — . — —
59 —• -^ ~1 9 1 1

13

66 -
1 - 1 27 — 1 ___I^
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TABLE III

STATISTICAL CONSTANTSFORNUMBEROF FLOWERSPER INFLORESCENCE

Series N Mean

Meramec Highlands 1906
(I)

Standard
deviation

Coefficient of
variation

300 29.9467±.3304
Meramec Highlands 1907
,,(1V)

I 300] 27.6100±.3294
Meramec Highlands 1907

(V)
Meramec Highlands 1907

CIV) + (V)
Jeff ei son Barracks 1906

305

605

250

28.2721 ±.3441

1000

1250

250

1020

27.9438db.2384

23.4760±.3196(H)
Jefferson Barracks 1906

, (HI)
Jefferson Barracks 1906

(n) + (IIl)

Jefferson Barracks 1907
, (VI)
Jefferson Barracks 1907
,(yii)
Jefferson Barracks 1907

(VI) + (VII) Il270l 27.5346zfc.l70S

24.7480it.l502

24.4936±.1365

27.2360±.3519

27.6078±:i943

8.4859±.2337

8.4592 ±.2330

8. 9098 ±.2433

8.6956 ±.1686

7.4929 ±.2260

7.0461 ±.1062

28.3367 ±0.8406

30.6381 ±0.9195

31.5144±0.9422

31.1181 ±0.6592

31.9172±1.0561

28.4716 ±0.4628

7.1558±.0965 29.2148±0.4260

8.2479±.2488

9.2020±.1373

30.2832±0.9935

33.3312±0.5500

9.0234±.1207 32.7711 ±0.4832

Fig. 3. Percentage frequency distribution of number of fruits per inflorescenct

2 habitats in 1906. Circles = Meramec Highlands, solid dots = Jefferson Barracks
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Fig. 4, Percentage frequency distribution of number of fruits per inflorescence in 2 habitats in 1907. Circles = Mera-
mec Highlands, solid dots = Jeffereon Barracks.
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The fundamental variation constants, means, standard devi-

ations and coefficients of variation of number of flowers per
inflorescence in the several series of materials appear in table in.

These will be discussed in comparison with those for number of

fruits per inflorescence.

The frequency distribution of number of fruits per inflorescence

in the 7 series of materials is shown in table iv. Series I, II +
III, IV 4- V, and VI + VII have been reduced to percentage

frequencies and are represented graphically in fig. 3 for 1906 and
fig. 4 for 1907.

With the exception of the Meramec Highlands series for 1906,

in which the number of observations is only 300, the frequencies

TABLE IV
J

FREQUENCYDISTRIBUTIONS OFNUMBEROFFRUITS PER INFLORESCENCE
IN 7 SERIES ANDTOTALSEEDSPRODUCED ONEACHCLASS OP INFLO-

RESCENCEIN 4 SERIES IN WHICHNUMBEROF SEEDSWASDETER-
MINED

J. B. 1906 J. B. 1907 M. H. 1906 M. H. 1907 Series Series Series

Fruits
mII VI I IV III VII V

f

t

Seeds f Seeds f Seeds f Seeds f f f

^-p^» p ^^_ 5
1 14 428 6 171 1 17 7 348 15 10 4
2 68 2427 28 957 20 985 24 991 82 61 15
3 165 5317 111 4367 69 3033 120 5138 145 105 37
4 184 5807 172 5682 144 5941 208 8521 179 149 50
5 155 4834 210 7198 225 9183 180 7399 183 152 46
6 126 4130 210 7128 282 12503 264 9620 129 141 35
7 105 2974 196 6184 183 7565 231 8067 96 96 35
8 96 3282 112 3255 272 10818 200 7229 55 80 22
9 54 1341 90 2525 234 9317 171 6727 44 59 18

10 SO 2060 70 2497 150 6612 100 3616 28 61 8
11 33 991 66 2115 165 6658 44 1505 20 34 12
12 24 666 48 1329 132 4960 108 4239 10 22 5
13

1

1

26 685 65 2605 52 2028 5 22 4
14 14 579 28 1087 28 1126 2 11 3
15 _ 1

1

.—. 15 621 _ — 4 9
16 16 454 16 328 16 641 ^— —

•

1 8 —
17 '—-. „„ , 16 781 — 4 1

18 1, 18 398 — 1 2
19 ^^^m _

- —— 3 1

20 _ _^ _ -1- __ — 1

21
1

1

- 1 —

•

22
1

^^^^^ - 1 —
23 1

1 *
1

1 _, 1

24
1

1

1

! —

—

_. —
25

1

1 _ _ —
26 ^

1
—̂-

1 —
27 y —

1

— 1 — \
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form very smooth distributions. In all, a conspicuous skewness,

a tendency to tail off in the direction of the larger number of

fruits, is a characteristic feature.

The physical constants for number of fruits per inflorescence

are shown for all the series in table v.

The first question concerning the statistical constants of both

flowers and fruits which requires consideration is that of the dif-

ference between the means of the series for the different years in

the same habitat and for the different habitats. The comparisons

may be based upon the combination series in so far as these are

TABLE V
STATISTICAL CONSTANTSFORNUMBEROP FRUITS PER INFLORESCENCE

Series

Meramec Highlands 1906
(I)

Meramec Highlands 1907
(IV)

Meramec Highlands 1907
(V)

Meramec Highlands 1907
(IV)+(V)

Jefferson Barracks, 1906

Standard
deviation

Coefficient of

variation

(11)

Jefferson Barracks 1906
(HI)

Jefferson Barracks 1906
(1I) + (III)

Jefferson Barracks 1907
(VI)

Jefferson Barracks 1907
(VH)

Jefferson Barracks 1907
(V1) + (VII) ri270

300

305

605

260

6.7233±.1134 2.9109±.0802

1000

1250

250

1020

5.7900±.1073

6.0623 ±.1297

5.9273 ±.0843

4.4800±.1076

5.3610±.1143

5. 1848 ±.0500

5.5680±.1156

6.4059 ±.0701

6.2409±.0611

2.7554 ±.0759

3.3593±.0917

3.0777±.0596

2.5222 ±.0761

2.6162±.0808

2.6215 ±.0353

2.7095±.0817

3.3237±.0496

43.295S±1.398G

47.5900 ±1.5798

55.4123 ±1.9226

51.9247±1.2490

56.2995 ±2.1704

48.8012 ±0.8941

50.5611 ±0.8378

48.6619 ±1.7815

51. 8852 ±0.9608

3.2293±.0432 1 51.7442 ±0-8579

TABLE VI
COMPARISONOP THE STATISTICAL CONSTANTSFOR THE 2 DIFFERENT

YEARSFOR PLANTS GROWINGIN THE SAMEHABITAT

Difference
1906 less 1907

Meramec Highlands
Flowers
Fruits

Jefferson Barracks
Flowers
Fruits

Mean Standard
deviation

+2.0029±.4074
+0.7960±.1413

—0.2097±.2882
—0.1668 ±.0999

.0410±.2186
1.0561=t.0790

—1.8676±.1545
—0.6078db.0558

Coefficient of

variation

2.7814±1.0682
.6289±1.8747

.5563±0.6442
1.1831±11991
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t

available. Thus in comparing the results for the 2 years in the

same habitat we may determine the differences between the

means for series I and series IV + V for Meramec Highlands and

for series II + III and series VI + VII for Jefferson Barracks. The

differences for the two years are given in table vi, which shows

that the average number of flowers and fruits is slightly, but sig-

nificantly, higher at Meramec Highlands in 1906 than in 1907,

whereas the reverse is true at Jefferson Barracks. The varia-

bilities, both absolute (S. D.) and relative (C. V.) are higher for

both flowers and fruits in both habitats in 1907 than in 1906.

Wenow have to consider the difference in the inflorescsence

produced in the 2 habitats in the same year. The differences may
be taken (Meramec Highlands) less (Jefferson Barracks).

The differences in table vii are obtained by comparing the

results for series I (Meramec Highlands) and series II + III

(Jefferson Barracks) for 1906, and for series IV + V (Meramec

Highlands) and series VI + VII (Jefferson Barracks) for 1907.

The differences in this table show that in both years the niunber

TABLE VII

COMPARISONOF THE STATISTICAL CONSTANTSFOEPLANTSGROWINGIN
THE DIFFERENT HABITATS IN THE SAMEYEAR

Difference

1906
Flowers
Fruits.

,

1907
Flowers
Fruits

.

Standard
deviation

+1.3301 ±.2628
+0.2894±.0876

Coefficient of

variation

3.8781 ±0.9424
7. 2653 ±1.6298

+C.4092±.2933
—0.3136±.1041

-0.3278 ±.2074
-0.1516 ±.0736

1.6530±0.8173
+0.1805 ±1.5153

of flowers Meramec Highlands than Jefferson

Barracks. The difference in 1907 is, however, insignificant. The

number of fruits is slightly higher at Meramec Highlands in 1906

but slightly lower in 1 907 The results of this comparison show

that the differences between the 2 habitats either nil or

much smaller than would have been anticipated from a mere m-

spection of the 2 habitats.

Wenow turn to the question of relative values of the constants

for number of flowers and number of fruits per mflorescence
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Comparing the mean number of flowers and fruits as given in

tables III and v, we note that the average flower number ranges
from 23.5 to 29.9, whereas the mean number of fruits range from
4.5 to 6.7. Thus only about 20 per cent of the flowers develop
into fruits.

Wealso require some measure of the relative fruit production
of the several series.

For this purpose we may naake use of the coefficient of fecundity

(Harris, '10), i. e., the ratio c/f.^

The coefficients are given in table viii, which shows that

about 22 per cent of the flowers develop into fruits. The probable
errors are low, and the differences between the several series are

TABLE Vlll

COEFFICIENTS OF FECUNDITY IN THE 4 SERIES

Series

Meramec Highlands 1906
Meramec Highlands 1907
Jefferson Barracks 1906 .

.

Jefferson Barracks 1907 . .

Number of
inflorescences

300
605

1250
1270

Coefficient of

fecundity

.2245 ±.0030

.2121 ±.0021

.2117±.0016
,2267±.0015

possibly significant in comparison with their probable errors.

The actual magnitude of the differences is, however, very small,

being .0124 ± .004 for the 2 Meramec Hiehlands
002 for the 2 Jefferson Barracks series. .0128 i .003 for the

series from the 2 habitats m 1906, and .0146 ± .003 for the

series from the 2 habitats in 1 907.
The standard deviations as given in tables iii and v for

number of flowers range from 7.0 to 9.2, whereas those for number
of fruits vary from 2.5 to 3.4 in the several series. The signifi-

cance of the differences between the several lots of material has

been discussed above. The absolute variability (standard devi-

ation) of number of fruits per inflorescence is much smaller than

that for nmnber of flowers per inflorescence. In general the

fruits are about one-third the comparable values for the flowers.

» The probable error of C. F., the coefficient of fecundity, is given by

•67449 Vc Xil-c/f) //.
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The great difference in the mean number of flowers and fruits

renders a discussion of the comparison of variability impossible

except on the basis of constants involving correction for mean

numbers. These constants are afforded by the coefficients of

variation which show that the variation for number of fruits per

inflorescence is regularly higher than that for number of flowers

per inflorescence. The coefiicients of variation for number of
r ^^

flowers range from 28.3 to 33.3, whereas those for number of

fruits range from 43.3 to 56.3.

This result for relative variability in flower and fruit number is

substantiated by results for Crinum longifolium and Celastrus

scandens, but not for Staphylea trifolia. The actual coefficients

are as follows

:

Flowers

Crinum longifolium (Harris, 1912 a)

Celastrus scandens (Harris, 1909) . .

.

Staphylea trifolia (Harris, 1909 a) . .

22.80-24.32
26.80
64.44

Fruits

31.73-33.70
48.58
53.04

In a series of inflorescences of varying numbers of flowers per

inflorescence the distribution of the position of the flowers on the

inflorescence must be considered in relation to the number of

flowers in each position, the ovaries of which might have developed

into capsules.

Table ix shows the number of flowers formed and the number

of capsules matured in the various positions on the mflorescence

for 3 of the series of data.^ From these data the percentage fre-

quencies of numbers of capsules matured in each position on the

inflorescence have been derived and are represented in fig. 5.

The higher positions, of course, occur only on the larger inflores-

cences. In any sample which it is practicable to secure, the

numbers of flowers and fruits in the more distal positions are so

small that percentages calculated upon them are very irregular.

Only percentages based upon at least 100 flo^v;fers have been in-

cluded in the diagram.

' The reader who cares to do so may determine the number of flowers and number

of fruits for the 3 series of inflorescences in which number of flowers and number of

table IX.

determined



Fig. 5 Percentage frequencies of flowers which develop into fruits in various positions on the inflorescence. Circles and solid lines
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The 3 series of countings represented in the diagrams show es-

sential agreement in that the relative number of capsules develop-

ing in the most proximal position is low. It increases rapidly to

a maximum on about the sixth position. It then declines rapidly

to about 17 per cent in the twentieth position, after which it

remains about the same throughout the remainder of the inflores-

cence.^

^

TABLE IX

NUMBEROF FLOWERSANDFRUITS PRODUCEDAT VARIOUSPOSITIONS ON
THE INFLORESCENCEIN 3 SERIES IN WHICH :FLOWERSAND FRUITS

ONLYWERECOUNTED

P
J. B. 1906 J. B. 1907 M. H. 1907

1

1

P

34

J.B. 1906 J.B. 1907 M.H.1907

Fl.
1

1250

Fr.

233

Fl. Fr.

251

Fl. Fr. Fl.

143

Fr.

22

Fl.

308

Fr.

53

Fl. Fr.

1 1270 605 100 155 23
2 1250 297 1270 287 605 108 35 119 12 274 40 126 22
3 1249 340

,

1270 351 605 102 36 99 18 239 31 110 21
4

1

1249 362 1270 356 605 152 37 78 12 207 40 99 13
5 1248 364 1270 379 605 141 38 67 15 178 26 86 15
6 1248 354 1270 422 605 169 39 53 12 160 23 72 13
7 1247 351 1269 409 605 163 40 43 6 134 21 62 12
8 1244 348 1267 395 604 172 41 36 5 120 16 50 10
9 1244 320 1266 378 603 159 42 30 8 104 22 40 10

10 1242 294 1262 339 601 148 43 25 6 86 18 35 7
11 1241 256 1259 361 601 139 44 20 5 74 12 28 9
12 1234 285 1255 321 598 130 45 18 1 60 12 21 5
13 1228 255 1246 297 596 128 46 14 3 44 4 18 5
14 1216 240 1226 288 590 134 47 9 — 33 5 15̂

. 1

2
15 1195 229 1202 259 585 140 48 8 1 28 5 13 3
16 1170 198 1185 223 573 116 49 6 ^^^^^^ 21 2

- 1

10 2
17 1119 197 1149 210 558 122 50 6 18 2

I ' ^

18 1061 167 1116 189 547 106 51 3 15 2 7 1

19 1000 159 1078 177 522 91 52 1 12 1 5 3
20 930 134 1033 190 499 96 53 1

1

8 . 5 —
21 864 116 985 176 477 92 54 1 6 1 3
22 785 124 939 173 454 80 55 5 3
23 708 116 861 162 419 71 56 5 3

^
24 642 115 790 146 410 73 57 . 4 . 3 1

25 570 94 732 128 380 68 58 . 3 ^— 3 1

26 498 82 672 112 351 65 59 . 3
1

' 3 2
27 431 78 631 114 317 56 60 2

1

2
28 342 60 577 99 294 68 61 — —^

29 300 50 524 102 267 60 62 —
4

' " ^

30 257 58 476 78 244
1

48 63 . _r 1

31 218 33 438 85 225 34 64 — 1 '

"*^"^

32
4^ r^^

193 33 396 71 197 36 65 • 1 ^^^^

33_ 164 23 358 58 173 19 66 — 1

' There may be a secondary node at about the 29th to the 30th position. Posaibly

this is due to the fact that such positions are found only on the larger inflorescences.

«!
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TABLE X
NUMBERSOFFLOWERS,FRUITS ANDSEEDSAT VARIOUSPOSITIONS ONTHEINFLORESCENCEIN 4 SERIES IN WHICHNUMBEROF SEEDSWAS

DETERMINED

p
J. B. 1906 J . B. 1907

FL

300

.. M. 1906 M:. H. 1907

Fl. Ft.

31

S. Fl.

250

Ft.

39

S.

1416

Fr.

60

S.

2585

Fl.

300

Fr.

58

S.

1 250 1062 2187
2 250 40 1269 250 49 1777 300 75 3032 300 56 2151
3 249 44 1715 250 58 2023 300 87 3660 300 55 2087
4 249 57 2130 250 70 2537 300 93 4044 300 77 3035
5 249 48 1605 250 71 2391 300 86 3483 300 75 2969
6
A|0

249 49 1801 250 73 2487 300 97 4251 300 90 3794
7 248 48 1376 250 68 2466 300 82 3569 300 94 3722
8 247 52 1687 250 85 2708 300 72 2876 299 82 3468
9 247 52 1639 250 85 3051 300 77 3444 298 79 3187

10 246 43 1501 250 63 2049 299 75 2991 297 72 2932
11 246 37 1121 249 70 2173 299 76 3263 297 68 3041
12 244 53 1717 249 60 1795 ^299 62 2733 296 72 2595
13 241 53 1460 249 i 45 1532 298 65 2566 296 59 2301
14 240

_^^K .^^^ ^'^

53 1332 247 49 1564 296 66 2886 292 61 2411
15 233 40 1121 242 42 1345 294 67 2937 292 66 2804
16 225 40 1254 240 47 1626 293 71 3064 286 56 2192
17 216 52 1182 234 30 1003 291 65 2532 279 56 2251
18 201 45 1389 223 34 1117 287 55 2590 273 55 1911
19 189 40 1172 211 37 1222 281 62 2691 263 49 1697
20 172̂̂̂ 30 808 205 35 1099 273 60 2488 247 43 1558
21 157 22 779 194 28 727 263 40 1569 235 39 1363
22 132 29 925 188 26 728 249 49 1904 224 34 1180
23 114 22 576 174 24 848 239 50 2068 205 35 1276
24 102 23 841 156 22 528 232 45 1643 201 33 1037
25 94 19 573 142 17 482 220 38 1495 188 35 1482
26 80 17

—
477 127 18 508 207 55 2024 173 32 1093

27 71 13 327 116 14 414 192 32 1324 157 30 1136
28 60

1

7 259 102 14 , 384 174 30 1156 141 26 992
29 54 10 224 95 15 489 157 25 1018 127 24 739
30 47 5 114 90 11 332 146 24 920 114 21 760
31 41 6 234 83 17 542 133 34 1288 105 14 418
32 40 8 175 77 13 415 115 14 686 91 10 324
33 34 6 165 69 13 410 109 23 753 77 9 261
34 30 5 131 60 8 257 93 17 685 70 8 273
35 25 2 56 51 4 59 81 11 372 57 12 310
36 21 3 68 39 8 215 64 9 401 47 6 170
37 15 1 5 34 3 52 55 11 430 44 9 298
38 13 3 121 28 3 86 48 9 315 35 4 169
39 9 1 30 26 4 72 45 8 287 31 5 183
40 8 2 63 22 3 44 40 6 203 26 6 159
41 7 2 50 19 3 51 34 6 236 21 3 45
42 6 2 15 16 5 95 31 6 232 17 2 64
43 5 2 29 13 2 92 24 6 204 14 4 151
44 3 2 5 11 3 89 23 5 151 11 3 76
45 3 — 8 2 80 21 1 22 7 2 120
46 2 1 28 5 1 16 16 6 2 60
47 2 2 1 12 13 1 42 5 •

—

10
48 1 — 1 12 3 81 5 1 28
49 1 — . 1 7 1 30 5 1 25
50 1 — 1

P ^k ^^r ^tr

5 — 31
51 — — 1 6 2 46 5 28
52 — — • 1 6 1 50 3 2 —

^

53
54
55

— — . 1 _. 6 1 64 3 —

-

"^

*

__
- 1

1
5
2

1 43 2
2

"

.
—

-

56 -

1

mm

2 .— —

-

57 ->_ «^^
1 2 *.— —

58 1 2 1
—

-

59 _
1 SH^H^^b r 2 1

-

—

60 1 — 2 ^SZ^
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The investigation of this question has its obvious bearing on
the problem of periodicity. Periodicity is the term used by de

Vries and other biologists to express the idea that the form or

size of the organs produced laterally along an axis is to some
extent correlated with their position in such a manner that as

one passes from the proximal to the distal region of the axis there

is at first an increase to a maximum and then a decrease of the

value of the character of the laterally produced organ.

TABLE XI

FREQUENCYDISTRIBUTION OPNUMBEROF SEEDSPERLOCULE
IN 4 SERIES

Seeds per locule J. B. 1906 J. B. 1907 M. H. 1906 M. H, 1907

7 ^.^^ 14 — 10

307 212 104 129

1 117 96 51 SO
2 139 138 91 86
3 172 162 145 130

4 153 173 153 157

5 153 161 189 200

6 164 206 224 207

7 143 225 245 249

8 143 215 278 224

9 173 218 287 253

10 143 214 293 264

11 161 213 280 280

12 124 243 329 315

13 133 219 291 302

14 151 214 300 278

15 128 218 311 255

16 134 159 348 278

17 110 183 292 242

18 105 175 286 219

19 93 111 291 197

20 82 96 218 194

21 77 85 199 106

22 66 77 198 130

23 40 42 169 109

24 40 27 136 82

25 35 34 84 60

26 28 13 79 54

27 15 16 69 36

28 10 9 32 37

29 8 5 27 14

30 6 1 28 12

31 4 .^— 12 8
m0

32 2 11 5

33 1 ^— 2 4
4

34 2 , 3 1

35 3
jri^

36 1 2
4

37
.^ 38

~2 1

1
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The literature bearing on this problem is now fairly extensive,

but little has been written concerning the possible relationship

between the fertility characters of the fruit and its position on the

inflorescence axis.

It should be evident that the differences in the proportion of

fruits developing at different positions on the inflorescence present

a series of problems of morphogenetic and physiological signi-

ficance. Unfortunately the systematic collection of data for the

solution of such problems has hardly been begun.

TABLE XII

FREQUENCYDISTRIBUTION OFNUMBEROF SEEDSPERFRUIT IN 4 SERIES

Seeds
per

capsule

?

1

2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

II VI

13

I

1

IV

8

Seeds II

22

VI

24

I

31

IV

32

Seeds

73

II

3

VI

4

I

636
47 44 1 17 37 18 29 28 30 74 3 1 8

8 3 3 38 18 34 38 34 75 5 9
16 1 1 39 20 34 41 40 76 1 2 5
15 5 2 1 40 16 18 40 35 77 1 2 4
16 9 2 3 41 19 24 35 41 78 2 3 12
16 11 2 11 42 18 19 34 26 79 1 1 9
13 9 7 8 43 9 23 39 31 80 3 8
16 12 8 7 44 16 21 37 33 81 2 2 8
16 16 13 15 45 13 29 36 33 82 _^« 2
20 19 15 11 46 17 19 44 38 83 1 ... 4
15 20 16 15 47 11 31 36 39 84 1 1

15 16 10 18 48 16 30 31 27 85 3 1 3
20 24 14 15 49 16 26 38 33 86 1

1 2
19 22 25 21 50 14 23 38 23 87 , 3
20 13 16 12 51 17 22 36 24 88 .

21 28 20 15 52 12 15 36 22 89
28 12 31 22 53 8 15 29 23 90 .^^. • 1
28 21 17 25 54 13 12 31 26 91 1
14 30 23 17 55 17 10 34 22 92 1 1

27 29 25 31 56 12 14 36 21 93 3
26 32 31 30 57 8 13 42 20 94

1

1

19 16 34 33 58 10 12 30 24 95
1

^^h*"^^^*

15 29 50 35 59 6 7 34 12 96 — 1

13 24 29 34 60 13 5 19 16 97 1
—

•

16 26 31 26 61 13 10 28 21 98 . —
24 22 24 31 62 6 13 25 17 99 — 2
18 34 33 26 63 7 10 30 22 100 —
13 32 45 37 64 3 8 24 14 101 -

—

—
31 31 29 34 65 6 8 16 15 102 — 1

17 29 43 38 66 5 9 21 8 103 —. .

—

17 23 38 28 67 5 5 21 17 104 .
—

15 33 45 35 68 6 5 12 12 105 — -
11
4 M

19 30 28 69 2 6 11 11 106 —

.

14 22 40 40 70 6 2 13 11 107 —
12 28 37 34 71 4 2 15

1
108 — —

—

14 31 37 43 72 6 1 10 109 1

— -

—

IV

8
8

5

6

2

3

6
5
1

1

3
3
4
2

2

1

1

1

1
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Looking at the matter in a wholly superficial way, one is in-

clined to suggest, as a basis for the planning of further investiga-

tion, that the maturation of the more proximal ovaries is not

favored by the conditions of the inflorescence which are most

favorable for the development of the terminal portions where the

floral parts are being matured for anthesis. The failure of the

more distally placed ovaries to develop to maturity in such large

numbers as those in the more central region of the inflorescence

is possibly attributable to the demands for fruit- and seed-forming

substances madeby more proximal ovaries already in an advanced

stage of development.

Fig. 6. P-

Meramec

number of seeds per Circles

Jefferson Lower figure represents

1906, upper
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The frequency distribution of number of seeds per locule in the

4 series is shown in table xi, while the distribution of number of

seeds per capsule, comprising 3 locules, appears in table xii.

The distributions of seeds per locule. reduced to oercentage

frequen are represented graphically in fig. 6. These dis

tributions require consideration from 2 sides: first, that of the

differences between the series collected in different years in the

same habitat, or in different habitats in the same year; second,

that of their general nature as considered in comparison with

biological frequency distribution While neither of

these questions can be fully considered independently of the

other, the discussion of the difference in the material associated

with year or habitat can be made in a preliminary way in simpler

terms, and hence will be first taken up.

These 4 series have in common a wide range of variation in

seed number, giving broad, relatively flat-topped distributions.

In all series the distribution is bimodal. There is a conspicuous

primary or secondary mode on seeds per locule and another in

the general region of 8 to 14 seeds per locule.

The agreement between the series from the habitats is in general

very good in 1907, but in 1906 the 2 series differ conspicuously.

That taken at Jefferson Barracks has a consoicuous mode on no

TABLE XIII

STATISTICAL COISISTANTS FORNUMBEROP SEEDSPERLOCULE

Series

Meramec Highlands
1906 (I)

Meramec Highlanda
1907 (IV)

Jefferson Barracks
1906 (II)

Jefferson Barracks
1907 (VI)

Differences between two
years (1906—1907)

Meramec Highlands
Jefferson Barracks

Differences between two
habitats (M.H.—J.B.)

1906
1907

N

6051

5201

3360

4162

Mean

13.7708±.0588

12.7963±.0623

10.3009 ±.0842

10.9077 ±.0670

+0.9745
-0.6068

.0857

.1076

+3.4699±.1027
+ L8886±.0915

Standard
deviation

6.7898 ±.0416

6.6698 ±.0440

7.2394 ±.0595

6.4086 ±.0473

+0.1 200 ±.0607
+0.8308 ±.0760

0.4496 ±.0726
+0.2612±.0646

Coefficient of

variation

49.3058 ±.3684

52. 1229 ±.4280

70.2793±.S154

58.7530±.5645

2.8171 ±.5647
+11.5263±.9917

20.9735 ±.8948

6.6301 ±-7084
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seeds matured, and relatively high frequencies on the lower
numbers of seeds per locule, whereas that taken at Meramec High-
lands shows a relatively low mode on seeds matured with a
shift of the mode to a much higher seed number than in the

Jefferson Barracks series.

To carry these comparisons somewhat further, and to prepare
for more detailed consideration of the nature of these frequency

distributions, we may consider the simpler statistical constants

in table xiii for number of seeds per locule and in table xiv for

TABLE XIV

STATISTICAL CONSTANTSFOE NUMBEROP SEEDSPER FRUIT

Series

Meramec Highlands
1906 (I)

Meramec Highlands
1907 (IV)

Jeflferson Barracks
1906 (II)

Jefferson Barracks
_ 1907 (VI)

Differences between
two years (1906 —
1907)

Meramec High-
lands

JeffersonBarracks
Differences between

two habitats
(M. H.-J. B.)

1906
1907

N

2017

1729

Mean

41.3123 ±.2748

38.3829 db.2947

1120 30.9027 ±.4063

1379 32.8426 ±.3165

+ 2.9294 ±.4029
1.9399±.5150

+ 10. 4096 ±.4905
+ 5.5403 ±.4325

Standard
deviation

Coefficient of

variation

18.3094 ±.1944

18.1931 ±.2085

44.3195± .5548

47.3991 .6539

20.1417±.2872 65.1777±1.2631

17.4688±.2240 53.1893± .8545

+0.1 163 ±.2851
+2.6729 ±.3642

1.8323 ±.3468
+0.7243 ±.3060

3.0796 ± .8575

+11.9884±1.5250

20.8582 ±1.3796
5. 7902 ±1.0760

number of seeds per fruit. The differences between the constants

for the 2 years in the same habitat and between the constants for

the 2 habitats in the same year also appear in these tables.

The means and standard deviations will be used in calculating

the coefficients of correlation set forth in the following paragraphs.

The conspicuous feature of the tables is the large size of the coef-

ficients of variation. It is unnecessary in this place to bring

together the many coefficients of variation for number of seeds per

locule or per fruit which have been published in the literature, or

to do more than to say that they are generally large.
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Turning to the comparisons between the 2 years in the same
habitat, we note that while the difference in means is perhaps

statistically significant^ in the 2 cases it is relatively small, being

about 5 oer cent in the It is also to be noted that

in one habitat it is the 1906 series, whereas in the other it is the

1907 series, which has the higher seed production.

The differences between the 2 habitats in the same year

show that for both years seed production is materially and sig-

nificantly higher in the Meramec Highlands than in the Jefferson

Barracks plants.

2. THE EELATIONSHIP BETT^-EEN THE NUMBEROF FLOWERSAND
THE Number of capsules matured

The relationship between number of flowers per inflorescence

and the number of fruits per inflorescence may be computed for

table XV
CORRELATIONBETWEENNUMBEROF FLOWERSANDFRUITS PER

INFLORESCENCE

Series

Meramec
Meramec
Meramec
Meramec
Jefferson

Jefferson

Jefferson
Jefferson

Jefferson
Jefferson

Highlands 1906 (1)
Highlands 1907 (IV)
Highlands 1907 (V)
Highlands 1907 (IV) + (V)
Barracks 1906 (II)

Barracks 1906 (III)

Barracks 1906 (II) + (III)
Barracks 1907 (VI)
Barracks 1907 (VII)
Barracks 1907 fVI) + rVTT

N

300
300
305
605
250

1000
1250
250

1020
1270

Correlation
between
niunber

of

flowers
and

fruits

.6751 ±.0212

.6565 ±.0222

.6047 ±.0245

.6261 ±.0167

.6125 ±.0267

.6416±.0125

.6374±.0113

.5344 ±.0304

.6897 ±.01 11

.6638±.0106

E

31.84
29.57
24.68
37.49
22.94
51.33
56.41
17.58
62.14
62.62

Correlation

,

flowers per in-

inflorescence,

and deviation

of fruits from
their probable

value

.0278 ±.0389
..0986±.0386

.0451 ±.0385

.0343±.0274
.0576 ±.0425
.0693 ±.0212
.0771 ±.0190
1035 ±.0422

.0652±.0210

.0407 ±.0189

E

0.71

2.55

L17
1.25

1.36

3.27

4.06

2.45

3.10

2.15

the 4 series in which the seeds were counted from the entries in

table the 3 other series in which onlv the number of flowers

and fruits were determined the reader must refer to table ii.

The relationship between the number of flowers formed and the

number matured per inflorescence expressed in

dinary formulae have been

inteipretation.
lam
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terms of correlations in the first correlation column of table xv.

These coefficients are remarkably uniform from series to series.

They range from 0.534 ± 0.030 to 0.690 ± 0.011. These ex-

tremes differ by only 0.156 ± 0.032. In general the

be considered to differ significantly in correlation.

The relationship between the number of capsules matured and

the number of flowers formed is expressed in terms of linear re-

table

TABLE XVI

STRAIGHT LINE EQUATIONS SHOWINGTHE RELATIONSHIP BETWEEN
NUMBEROP FRUITS AND FLOWERSPER INFLORESCENCE

Series Regression equation

Meramec Highlands 1906 (I)

Meramec Highlands 1907 (IV)
Meramec Highlands 1907 (V)
Meramec Highlands 1907 (IV) + (V
Jefferson Barracks 1906 (II)

Jefferson Barracks 1906 (HI)
Jefferson Barracks 1906 (II) + (III)

Barracks
Jefferson Barracks 1907 (VII)
Jefferson Barracks 1907 (VI) + (VII) I c = —.3002

c = —.2113 + .2316/
c = -.1139 + .2138/
c = —.3S30 + .2280 /
c = —.2652 + .2216/
c = _ .3602 + .2062 /
c = —.5348 + .2382/

c = -.5346 + .2335/

c = + .7869 + .1755 /
c = - .4719 + .2491 /

The slopes of these lines range from + .1755 in the series of 250

inflorescences taken at Jefferson Barracks in 1907 to + .2491 in

the large series taken at the same locality in the same year.

The fact that the widest disagreement is found in 2 series

from the same habitat and year emphasizes the closeness of agree-

ment between the results of the several series.

The equations for 2 of the series are represented graphically in

fig. 7 for 1906, in which the empirical and theoretical means for

2 different habitats but for the same year, are laid side by side.

Two features of these diagrams will at once attract the eye
:

first,

the excellent fit of the straight lines to the data; second, the re-

markable closeness of agreement of the series from the 2 habitats.

^Tiile the correlation coefficients and the regression equations

showing the relationship between the number of flowers and cap-

sules per inflorescence have descriptive value, the physiological

interrelationship between / and c may be best shown by a coef-

ficient measuring the relationship between the number of flowers



Fig. 7. number Upper line = Meramec Highlands; lower line
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Barracks. Empirical means for Meramec Highlands represented by circles, those for Jefferson Barracks by solid dots.



1924]

HARRIS—THE INFLORESCENCEOF MANFREDAVIRGINICA 437

and the deviation of the number of fruits from the number which
would be expected if the number of capsules were proportional to

the number of flowers formed throughout the entire range of

variation of number of flowers per inflorescence.

The requisite formula has been given (Harris, '09a) and its

range of applicability illustrated elsewhere (Harris, '18).

The results are given in the second correlation column of table

XV. The values are low throughout. Eight are positive, while 2

are negative in sign. In general the coefiicients are insignificant

in comparison with their probable errors.

Taking these results as a whole, they indicate a slight relation-

ship between the munber of flowers per inflorescence and the

capacity of the inflorescences for maturing their ovaries into

fruits. Larger inflorescences mature on the average a slightly,

but only slightly, larger proportion of their ovaries into fruits.

Turning to the literature for comparable cases, we note that in

Staphylea (Harris, '09 a) and in Crinum (Harris, '12 a) inflores-

cences which produce larger numbers of flowers mature relatively

smaller numbers of fruits. This is also the result announced by

Reed for the lemon (Reed, '19). In Celastrus (Harris, '09) there

is apparently no relationship between the number of flowers

formed and the canacitv of the inflorescence for maturing its

fruits

3. WEENTHE NUMBEROF FLOWERS
3 THE POSITION OF THE FRUITS

The foregoing analysis has shown that there is httle relationship

between the size of the inflorescence and the capacity for maturing

its ovules into seeds.

We now have to consider another problem regarding fruit

formation. This is : Has the size of the inflorescence as measured

by the number of flowers which it produces an influence upon the

position of the fruits which develop?

The problem of the relationship between the number of flowers

and the position of the fruits which develop to maturity seems to

be one of very real physiological interest. If we ignore for the

moment the possible influence of the morphogenetic factor dis-

cussed above (p. 434) and look at the pvuely nutritional one, it
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seems reasonable to assume that development of fruit makes a
certain demand upon the organism for plastic materials. If this

demand is higher than the available supply in any case, it seems
quite possible that the more proximal ovaries, which are the first

to have their seeds fertilized, would develop into fruits in larger

proportions, since they are in a position to make the first demand
upon the plastic materials.

If, on the other hand, the organism is so exactly coordinated
that the quantities of plastic materials available for the formation
of fruits and seeds is proportional to the number of flowers formed,^
one might expect that the position of the fruits would be little in-

fluenced by the number of flowers per inflorescence.

To solve this problem we may proceed in the following manner.
Wemay determine the relation between the number of flowers per
inflorescence and the position of the fruits which develop to

maturity. In doing this we weight the number of flowers per in-

florescence with the number of fruits produced, and consider the

position of each fruit on the axis a deviation from the standard
(proximal) position.^ Wemust expect this relation to be large,

since it is evident that on the average the fruits on large inflores-

cences, which produce more fruits, will be mserted higher than
those which produce few fruits. It is possible, however, to deter-

mine the true physiological relationship between these 2 char-

acters by the use of the formula measuring the relation between a
variable and the deviation of a dependent variable from its

probable value cited above. The position of any fruit must
always represent some fraction, or component, of the maximum
possible position on the inflorescence to which it belongs. This
formula, therefore, seems quite applicable.

The correlation between the number of flowers per inflorescence

and the position of the fruits on the inflorescence, and between
the number of flowers on the inflorescence and the deviation of the

position of the fruits from itsprobable position appear in table xvii.

wiie may, u ne chooses, look upon the number of flowers formed as
proportional to the quantities of plastic substances which are to be a
maturmg these ovaries into fruit.

* The full data for the determination of these constants are rather too
for pubhcation here.
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TABLE XVII

CORRELATIONBETWEENPOSITION OP FRUITS ON THE INFLORESCENCE
ANDNUMBEROP FLOWERSPER INFLORESCENCE

Series

^
T3

q;

"S

Meramec
Meramec
Meramec
Meramec
Jefferson

Jefferson

Jefferson

Jefferson

Jefferson
Jefferson

Highlands 1906 (I)

Highlands 1907 (IV)
Highlands 1907 (V)
Highlands 1907 (IV) + (V)
Barracks 1906 (II)

Barracks 1906 (III)

Barracks 1906 (II) + (III)

Barracks 1907 (VI)
Barracks 1907 (VII)
Barracks 1907 (VI) + (VII)

2017
1737
1849
3586
1120
6361
6481
1392
6534
7926

Correlation

between
niunber of

flowers
and

position

of
fruits

E

.4151 ±.0322

.4606 ±.0307

.4794 ±.0297

.4726±.0213

.4843±.0327

.4266±.0174

.4328±.0155

.4677±.0333

.4344±.0171

.4399 ±.0153

12.89

15.00
16.14

22.18
14.81

24.51
27.92
14.04

25.40
28.75

Correlation^

flowers per in-

florescence and
deviation of

position of

fruits from
its probable

position

.0102 ±.0389
.0314±.0389
.0216 ±.0386
.0291 ±.0274
.0332 ±.0426
.0280 ±.0213
.0151±.0191
.0536 ±.0425
.0151±.0211
.0057±.0191

E

0.42

0.81

0.56

1.06

0.78

1.31

0.79
1.26

0.72

0.30

If there be no relationship between the number of flowers per

inflorescence and the position of the fruits on the inflorescence, one

should find a linear relationship between the average position of

the fruits and the number of flowers per inflorescence. The equa-

tions to the straight lines in 4 of the series are

:

Meramec Highlands, 1906, 300 inflorescences, 2017 fruits

P 554747 + .482806 /
Jeff"erson Barracks. 1906, 1250 inflorescences, 6481 fruits

P f
Meramec Highlands. 1907, 605 inflorescences, 3586

P 857833 + .512934/

Jefferson Barracks. 1907, 1270 inflorescences, 7926 fruits

P + .160829 + .447496/

The lines and emnirical means for the

fig The results indicate sensible

Turning to the problem of the correlation between number of

flowers per inflorescence and deviation of position of fruits from

its probable value, we note that the values are low throughout

They are generally smaller than their probable Thus they

indicate that the number of flowers per inflorescence has

influence on the position of the fruits which develop

maturity
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In so far as they are pertinent to the problem, the constants in

this table seem to show that the supply of fruit- and seed-forming

substance is very nearly proportional to the number of flowers

formed. These results are in full agreement with those of the

preceding section (2) in which it was shown that there is little

relationship between the number of flowers on the inflorescence

and the capacity of the inflorescence for maturing these flowers

fruit

4. WEENTHE NUMBEROF FLOWERS
INFLORESCENCEANDTHE

PER LOCULE
possible

relationships between the size of the inflorescence as measured by
Wehave, in this section, to consider the problem of the
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the number of flowers and fruits which it produces and the fertility

of its fruits.

This seems a question of very real physiological interest On
a ^priori grounds one might be inclined to suggest that the size of

the inflorescence is a measure of vigor, and that, as another ex-

pression of the greater vigor, larger numbers of seeds would be
expected to be associated with larger numbers of flowers per in-

florescence. On the other hand, it may be urged that since the

inflorescences with larger numbers of flowers also produce larger

numbers of fruits, the demands for plastic materials due to greater

numbers of fruits would result in a reduction rather than in an
increase in the number of seeds per locule.

The product moments for the relationship between the number
of flowers per inflorescence and numbers of seeds per fruit may be

calculated from table i.^

Table xviii shows the correlation between the number of

flowers per inflorescence and the number of seeds per locule and

between the number of fruits per inflorescence and the number of

seeds per locule in the 4 series in which the numbers of seeds were

determined.

Three of the constants measuring the relationship between the

number of flowers and the number of seeds are positive, while one

is negative in sign. All are small, however, ranging from —0.020

to + 0.095. In general the coefficients are not as large as their

probable errors.

«

Correlations between the number of fruits per inflorescence and

Note that in determining the relationship between number of flowers and number

eeds the means and standard deviations for number of flowers per inflorescence

it be redetermined by weighting with the number of fruits or number of locules

inflorescence. The constants thus weighted may be used in the determination

orrelations for number of flowers and number of seeds per locule or seeds per

t, since all of the fruits are trilocular.

rhe question of the number to be used in calculating the probable error of these

difl5culty. The number of fruits

coimted has been determination

^.w^cv^.c cx.ux It wuuxu be very small indeed. It may be questioned, however,

whether the probable error of the correlation between a weighted variable x and

another variable y is any lower than that obtained when the

the X characters is used. Wehave, therefore, in determinin

unweighted number

be the actual num
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the number of seeds per locule may be deduced from the con-

densed correlation table appearing as table iv.^

The correlations between the number of fruits and the number
of seeds per locule as given in table xviii are negative in all 4 of the

but are of a order from 0.043 to

127. Two of the 4 are over twice as large as their probable

errors.

TABLE xvill

CORRELATIONBETWEENFLOWERSPER INFLORESCENCEANDNUMBER
OF SEEDSPER LOCULEAND BETWEENNUMBEROF FRUITS PER

INFLORESCENCEANDNUMBEROF SEEDSPER LOCULE

Series

Meramec High-
lands 1906 . .

MeramecHigh-
lands 1907 .

.

Difference. .

.

Jefferson Bar-
racks 1906

Jefferson Bar-
racks 1907

Difference. . .

Flowers
and

seeds
E

Fruits
and

seeds

-t-. 0321 ±.0389

+.0382 ±.038 8

+.0061 ±.0548

+.0952 ±.0423

.0202 ±.0426

.1154 ±.0600

0.825

0.985

0.111

2.250

0.474

1.923

.0429 ±.0389

.0569 ±.0388

.0140±.0548

.0867±.0423

.1265 ±.0420

.0398 ±.0600

E Difference

1.102

1.466

0.255

2.050

3.012

0.663

0750 ±.0387

0951 ±.0387

Diff

EdiS.

1.938

2.457

4.290

1.772

These results show that unless there are statistical considera-

tions which invalidate the coefficients of correlation as measures

of interdependence in these cases, the relationship between the

characteristics of the inflorescence and the number of seeds ma-

tured is very slight indeed. Apparently inflorescences which are

initially large tend to have capsules with slightly larger numbers

of seeds. Inflorescences which mature a large number of capsules

tend to have a slightly smaller number of seeds in these capsules.

The difference between the correlations for number of fruits and

seeds and the number of flowers and seeds shows that in all 4

^ The frequencies used in calculating the correlations given in this paper are slightly

different from those shown here because of the fact that 10 locules in series IV and

14 locules in series VI had a questionable number of seeds. The difference in results

obtained from calculations from this table and those actually used in obtaining our

constants can hardly be significant, since they depend merely on differences due to

10 out of 5211 and 14 out of 4176 locules.
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collections the relation between number of fruits and seeds is

more strongly negative than that between number of flowers

and seeds. At least 2 of these differences may be significant in

comparison with their probable errors.

The correlation coefficients in these tables show that the rela-

tionship between the number of flowers per inflorescence and the

number of seeds per locule and between the number of fruits per

inflorescence and the number of seeds per locule is very slight

indeed. How slender it is may be best shown by the use of

straight-line equations. In these the variable term shows the

actual increase or decrease in number of seeds per locule associ-

ated with an increase in the number of flowers per inflorescence

or in the number of fruits per inflorescence. The equations are:

Meramec Highlands, 1906,

s = 12.9611 + .0250/, s = 14.5414 —.0965 c

Meramec Highlands, 1907,

s = 11.9176 + .0291/, s = 13.7444 —.1335 c

Jefferson Barracks, 1906,

s = 8.1589 + .0822/, s = 11.5831 —.2173 c

Jefferson Barracks, 1907,

8 = 11.3520 —.0151 f,s= 12.6892 - .2585 c

where s = seeds, / = flowers, and c = fruits per inflorescence.

The lines and the empirical means are represented graphically

for the relationship between number of flowers per inflorescence

and number of seeds per locule in fig. 9, and for that between

number of fruits per inflorescence and number of seeds per locule

in fig. 10.

The mean numbers of seeds per locule are distributed with

considerable irregularity about the nearly horizontal lines showing

the theoretical change in mean number of seeds with variation in

the number of flowers per inflorescence. There is, however,

nothing in these lines to indicate that any single curve of a

higher order would give a better representation of the relation-

ship.

The lines and empirical means for number of seeds per locule of

fruits produced on inflorescences with varying total numbers of

fruits (fig. 10) may indicate a slightly non-linear distribution of
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the means » They show, however, that there is a sensible decrease

» Further mathematical tests for non-linearity seem unadvisable because of the

difficulties arising from the small frequencies in some of the classes, and because of

the fact that the relationship between fruit and seed number is complicated by the

relationship between flower and fruit^mmber and flower and seed number, as shown

in the following paragraphs.



446 ANNALS OF THE MISSOURI BOTANICAL GARDEN
[Vol. 11

in the number of seeds per fruit as the number of fruits per in-

florescence increases.

Wemay therefore conclude that the correlation coefficient fur-

nishes as adequate a measure of the relationship between the

number of flowers per inflorescence and seeds per fruit, and

fruits per inflorescence and seeds per fruit, as we are able to

command. This measure shows that the relationship is, prac-

tically speaking, zero for the number of flowers and the number of

seeds, but has a significant negative value for number of fruits

matured per inflorescence and number of seeds ripened per locule.

It will be quite evident on mature consideration that the very

low correlation between number of flowers per inflorescence and

number of seeds may be the resultant of physiological relation-

ships between number of capsules and number of seeds on the

one hand, and the number of capsules and number of flowers, on

the other. Inflorescences producing larger numbers of flowers

also produce larger numbers of fruits. As a resultant of the

positive correlation between number of flowers and capsules per

inflorescence, Vfc, and of the negative correlation between number

of fruits and number of seeds per locule, Tcs, one might expect

the correlation between number of flowers and number of seeds

to be sensibly lowered. '^

It is necessary, therefore, to determine the partial correlation

between number of flowers per inflorescence and number of seeds

for constant number of capsules per inflorescence. This is given

by

The values of ^rfs are set forth in table xix. All 4 values

are now positive. Furthermore they are (as shown by the dif-

ference column,
c'f'fs

—r/s) larger than the uncorrected corre-

lations.

Thus they indicate that if correction be made for the influence

of the number of fruits whch mature, the inflorescences which are

^ In inflorescences with larger numbers of fruits the plastic mate
extensively divided than in those with a small number of fruits.

per inflorescence might, therefore, seem a more logical proximate
in the number of seeds matured than would nimiber of flowers pei

Number of fruits
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TABLE XIX
i-RTIAL CORRELATIONBETWEENFLOWERSPER INFLORESCENCEAN
SEEDSPERLOCULEFORCONSTANTNUMBEROFFRUITS ANDBETWEEN

FRUITS AND SEEDSPER LOCULEFOR CONSTANTNUMBEROF
FLOWERSPER INFLORESCENCEANDCOMPARISONOF THE
PARTIAL CORRELATIONSWITH THE GROSSCORRELATIONS

Series

Partial
correlation,

flowers
and seeds

Meramec Highlands 1906 (I]

MeramecHighlandsl907 (IV)
Jefferson Barracks 1906 (II)

Jefferson Barracks 1907 (VI)

4-.aS29
+.1003
+.1885
+ . 0565

0387
0385
0411
0425

c7»"~7s

Par tial

correlation,

fruits

and seeds

+.0508
+.0621
+.0932
+.0767

.0875 dt. 0836

.1088 ±.0385

.1844d=.0412

.1370±.0419

fcs ^cs

.0446

.0519

.0977

.0105

larger, as measured by the number of flowers which they produce,
4

ripen slightly larger numbers of seeds per locule.

The reader will have noted that if the physiological relationship

between size of inflorescence and number of seeds per locule be of a

positive kind, such that (other factors being eliminated) larger

inflorescences tend to mature larger numbers of seeds in their

locules, this will tend to screen the true physiological relationship

between the number of fruits matured per inflorescence and the

number of seeds ripened per locule.

Wetherefore require the partial correlation between the number

of capsules and number of seeds for constant number of flowers

per inflorescence. The required formula is

:

/^.

r cs ^fc^r
cs VT ^/. VI r/s

I

The coeflScients are eiven in table These

throughout, and all have a higher negative value than that of the

uncorrected

the literature for comparable observations

that while data for size of inflorescence and number of seeds per

fruit cannot be obtained in Cercis, we do have a series of ovaries

(Harris, '12) in which the number of ovules was counted under

the microscope The correlations between the number of flowers

and the number of ovules per ovary have been

shown to be: For
+ .030 ± .021 : for

1, r .007

+ .134 ±
for tr

These

that theu- significance is questionable



448
[Vol. 11

ANNALS OF THE MISSOUEI BOTANICAL GAEDEN

In Celastrus (Harris, '09) the correlation between both number
of flowers and number of fruits per inflorescence, on the one

hand, and number of seeds per fruit, on the other, are very low.

The actual constants are:

number of flowers and number of seeds

number of fruits and number of seeds.

+
.012

.013.

.013.

haustivelv studied

! and fruit of Staphylea has been rather ex-

It has been shown (Harris, '12b) that the

the correlation coefficients for a series of 20

shrubs studied at the Missouri Botanical Garden
For fruits per inflorescence and ovules Der locu]

r .0192 .0185.

For fruits per inflorescence and seeds

r .0399 .0080.

For general samples of fruits, comprising the coUec
I the shrubs, the correlations have been shown to be

from

Year of

collection

1906
1908
1909

Number of

locules
Fruits and
ovules, rfg

Fruits and
seeds, rfg

6177
12099

6246

f. 0391 ±.0086
+.0633 ±.0061
—.0539 ±.0085 +

.0474 ±.0086

.0494 ±.0061

.0626±.0O85

Two of the coeflScients The correlation between

the number of fruits per inflorescence and length of fruit

Staphylea has been found (Harris, '12) to be of the order r

.1828 .0144.

For Crinum longifolium (Harris, '12 a) the correlation between

the number of fruits per inflorescence and number of seeds per

fruit 072 .024.

6. BETWEENTHE
TIVE POSITION OF THE FRUIT ON THE INFLORESCENCE

•HE

The proportion of the ovaries which develop into fruits at dif

ferent positions on the inflorescence axis has already been dis

cussed (p. 425).

In considering the influence of position on the inflorescence

the development of the fruit, the onlv measure of hich

consideration is that furnished by the position of the
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flower. Whenwe turn to the problem of the influence of position

upon the development of the seed, it is clear that either the position

of the flower on the axis or the position of the matured fruits in

the series of fruits may be taken as a measure of position. Posi-

tion in the latter case may be either the actual position which the

matured ovary occupies in the series of flowers on the inflorescence

or it may be the position which a fruit occupies in the series of

fruits matured. For example, if the third flower from the

proximal end of the inflorescence develops into a fruit it will be

recorded as occupying the third position in the series of flowers.

But if the first 2 flowers fail to develop it will occupy the first

position in the series of fruits.

The first of these may be designated as the actual position of

the fruit, the second as the relative position of the fruit.

^

The total number of flowers, the total number of fruits, and the

total number of seeds produced at each (actual) position on the

inflorescence are shown for the 4 series of materials in which the

number of seeds was determined in table x. From this table

the correlations between actual position and number of seeds per

locule, set forth in table xx, have been deduced.

The correlation between the relative position of the fruit and

number of seeds per locule or per fruit may be deduced from the

condensed correlation table xxi, in which the position of the

fruit, the number of locules, and total number of seeds produced

by those locules are shown for the 4 series of material in which

number of seeds was determined.^

The relationship between the actual position of the fruit and

the number of seeds matured per locule and that between the

relative position of the fruit and the number of seeds matured per

locule are laid side by side in table xx. These coefficients are,

exception, negative in sign. Thus the number of seeds

> Since in correlations between position on the inflorescence and number of seeds

per locule or per fruit the position must be weighted with the number of fruits

counted, the weighted constants are necessary. These may be deduced frorn the

j._T_i i. , . , . . ii i^A ^^i^T f«^ fV»o r»nrrf>!ofinns. flrfi not tabled

without

here.

position and total seeds per fruit

determined from tliis table by substituting the number of fruits for the number oi

locules and the means and the standard deviations of number of seeds per fruit

for number of seeds oer locule.
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TABLE XX
CORRELATIONBETWEENTHE ACTUAL POSITION OP THE FRUIT AND

NUMBEROF SEEDSPER LOCULEANDBETWEENTHE RELATIVE
POSITION OF THE FRUIT ANDNUMBEROF SEEDSPER LOCULE

Series

Meramec High-
lands 1906 .

.

Meramec High-
lands 1907 .

.

Difference. . .

Jefferson Bar-
racks 1906

Jefferson Bar-
racks 1907

Difference . .

Actual
position

and seeds

0778 ±.0387

1129 ±.0384

E
Relative
position

and seeds

2.010 -.0541 ±.0388

2.940

0.651

2.730

2.926

.0082 ±.0592 0.139

.0500±.0388

+ .0041 ±.0548

.1232 ±.0420

.1040 ±.0421

+ .0192±.0592

E

1.394

Difference

+.0237 ±.0548

.05391.288 + . 0629

0. 075

2.933
1

.0085 0592

2.470

0.324

+.0189±.0592

Diff.

.Edict,

0.432

1.167

0.143

0.319

TABLE XXI
NUMBEROF LOCULESAND TOTAL SEEDS AT VARIOUS RELATIVE POSI

TIONS ON THEINFLORESCENCEIN 4 SERIES IN WHICHNUMBER
OF SEEDSWASDETERMINED

J. B . 1906 J. B. 1907 M. H. , 1906

Relative
position

Locules Total Locules Total Locules Total
J

seeds

8267

seeds 1

1

seeds

1 744 747 8313 897 12278
2 702 7671 731 8673 894 12641
3 600 6153 687 7659 864 12553
4 435 4568 582 6462 795 11051
5 297 2757 453 5068 687 9392
6 204 1948 326 3243 552 7527
7 141 1395 222 2182 411 6577
8 96 816 138 1243 333 4400
9 60 551 96 953 231 2982

10 42 239 66 612 153 1934
11 18 146 45 348 108 1437
12 9 71 27 251 63 789
13 3 11 15 103 30 393
14 3 1 9 111 15 142
16 3 16 6 16 9 150
16 3 1 6 109 6 68

17
n

_» 3 37 3 13

18 3 15

M. H. 1907

Locules

891
869
833
711
558
448
318
219
144
84
57
45
18

6

Total
seeds

11134
11973
11055

9374
6753
5391
3711
2836
1767
980
722
551
248

59

thematured in the more distal position is smaller than that in

more proximal position. The differences between the corre-

lations for the same habitat for the 2 years cannot be considered

significant in comparison with their probable errors. The corre-
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lations are, however, of a very low order. Those for

and the number of seeds range from 078 0.123.

Those for relative position and number of seeds range from

A comparison of the correlations between0.050 to 0.123.

CO

ACrcAL POSIT/ON

3 S 1 6 tl 13 IS n 19 21 23 25 21 29 31 33 35 31 29
J '''*'*'' 1 I L I 1 1 1 1 1 i ' 1 ^ 1 ' •- '

number

Circles am Jeffereon Barracks. The lower figure

1906

the relative position and number of seeds, and actual position and

number of seeds shows that in one case the former

the latter is the No one of these differences

of the determmation
in comparison with the probable error

Thus it is impossible to assert on the basis of the materials
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available that one of these relationships is more intimate than
the other.

The low correlations between the actual position and the rel-

ative position of the fruit and the number of seeds which it

produces may be due either to an absence of relationship between
these two characters or it may be due to a periodicity in the in-

florescence, such that the number of seeds at first increases and
then decreases as one passes from the proximal toward the distal

end of the inflorescence.

To test this matter we determine the mean number of seeds in

each position, both actual and relative, on the inflorescence, and
ascertain whether the change in mean number of seeds occurs at a

uniform rate from the lower to the higher regions of the inflores-

cence. To be strictly valid the correlation coefficients should

represent cases of linear regression. The linear equations showing

the change in the number of seeds per locule with position on the

inflorescence are as follows

:

Actual position

Meramec Highlands, 1906
Meramec Highlands, 1907
Jefferson Barracks, 1906
Jefferson Barracks, 1907

8 = 14.5551 —.0519 a
s = 13.9185 —.0787 o

Relative position

s = 14.3458 —.1280r
s = 13.3141 —.1279 r

8 = 11.6245 —.0980 o s = 11.6010 —.3769 r

* = 12.0439 —.0850 a \ s = 11.8913 —.2491 r

Here a = actual position, r = relative position, and s = num-

ber of seeds per locule.

The lines for actual position are represented in fig. 11, while

those for relative position appear in fig. 12. For both relation-

ships and in all series of material these indicate a uniform de-

crease in number of seeds per inflorescence when the capsules are

considered in series ranging from the proximal to the distal regions

of the inflorescence.

For comparison we have a number of determinations on the

inflorescence of Staphylea, in which the relationship between

position and number of ovules (Harris, '11 a) and between posi-

tion and number of seeds (Harris, '12 b) have been shown to be

very small numerically but The re-

lationship between position on the inflorescence and length of

pod in Staphylea has also been shown (Harris, '12) to be slightly

negative.
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6. THE RELATIONSHIP BETWEENTHE NUMBEROF SEEDSIN THE
LOCULESOF THE SAMEFRUIT

The correlations between the number of flowers and fruits per

inflorescence and the actual and relative position of the fruit on

the inflorescence, on the one hand, and the number of seeds per

locule, on the other, have been shown to be of a very low order

indeed. We cannot, therefore, regard any of these earlier es-

tablished characters, or the factors which determine them, as

having a large influence in determining the number of seeds per

locule.

Having failed to locate factors of material importance in the

characters of the inflorescence, we may inquire whether there are

unmeasurable factors which influence all of the locules of the

same fruit in a similar manner.
This may be done by determining the inter-Iocular relationship

for number of seeds per locule in the different series. In doing

this, symmetrical tables are formed. The number of seeds in

each locule is considered a first and then a second member of the

pair in combination with the other locules of the fruit. The
values of the correlation coefficients were checked by the use of the

intra-class correlation formulae (Harris, '13).

The tables of data are too voluminous for publication.

The correlation coefficients and the regression equations are

set forth in table xxii and show a high degree of simflarity between

numbers of seeds in the locules of the same fruit. The correla-

tion lies between 0.70 and 0.80. Since the tables are symmet-
rical, the correlation and the regression coefficients are identical.

The straight lines and the empirical means for the materials for

the 2 pairs of years are shown in fig. 13. Apparently the straight

line represents the relationship between the observed and the

theoretical average as well as would any curve of higher order.

The closely contiguous position of the lines for the years shows

the generality of tl^e laws underlying the interdependence between

seed number in the 3 locules of the fruit.

Comparable determinations for other species are few in number.

In Sanguinaria (Harris, '10) the correlations for number of ovules

on the 2 placentae have been shown to be of the order r = .89

to r = .92, while the correlations for number of seeds per locule
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TABLE XXII

CORRELATIONBETWEENNUMBEROP SEEDSPER LOCULE IN THE SAME
FRUIT ANDREGRESSIONEQUATIONSSHOWINGTHE RELATION

BETWEENTHE NUMBEROP SEEDS IN THE LOCULEOF
THE FRUIT

Series

Jefferson Barracks 1906
Meramec Highlands 1906
Jefferson Barracks 1907
Meramec Highlands 1907

Weighted
N

Correlation Regression
equation

6720
12102
8274

10374

7901
7119
7408
7383 ±

.0044

.0043

.0047

.0042

It

It

2.1619 + .7901 h
3.9669 4- .7119 k
2.8374 + .7408 h
3.3479 + .7383 h

have a value of r = .80 to r = .84. That the correlation for

seed production is not due solely to the high correlation of the

numbers of ovules on the 2 placentae is shown by the fact that

the partial correlations between the numbers of seeds on the 2

placentae for constant numbers of ovules have a material value.

In Hibiscus (Harris, '13) it has been shown that for 1000 fruits

examined at the Missouri Botanical Garden in the fall of 1905 the

intra-ovarial correlations were

For ovules per locule, r = .3843 ± .0081

For seeds per locule, r 5557 .0066

Excess for seeds 1714 .0104

Here again the results indicate distinct physiological factors

influencing the capacities of the several locules of the fruit for seed

production in such a way as to bring about a similarity between

them,
.676 ± .008 hasIn Crinum longifolium a correlation of

been demonstrated (Harris, 12 a) bet wee

seeds from the same fruit.

the ght of the

^11 these results agree in indicating that there are morpho-

letic or physiological factors tending to bring about a similarity

the seed production and in the seed weight of the locules of

the fruit

IV. Recapitulation and Discussion

This paper has had for its purpose the consideration of

problems of fertility in Manfreda virginica {Agave mrginica

conclusions are based on the statistical analysis of extensi^

The
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Fig. 13. Regression of number of seeds in the locule of the fruit on number of

seeds in another locule of the same fruit. Circles = Meramec Highlands, solid

dots = Jefferson Barracks. In both figures the upper lines (at the beginning)

represent the equations for the Meramec Highlands series. Lower figure repre-

sent series for 1907, upper figure represents series for 1906-

of countings made at Meramec Highlands and Jefferson Barracks,

near St. Louis, Mo., in 1906 and 1907. Briefly stated, the results

are as follows

:
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1. The average number and the variation in number of flowers

and fruits per inflorescence and seeds per locule in the two habitats
and years has been determined, and compared with the available

data for fertility in other species. For details reference must be
made to the body of the paper.

2. About 22 per cent of the flowers develop their ovaries into

fruits. The correlation between the number of flowers formed
and the number of fruits matured is of about medium value. This

is, however, due to the fact that as the result of chance only the

larger inflorescences should produce larger numbers of fruits. A
special formula shows that there is little relationship between the

size of the inflorescence as measured by the number of flowers

which it produces and its capacity for maturing its ovaries into

fruits.

3. While the more proximal and more distal flowers on the

inflorescence show a smaller proportion of fruit production, there

is little relationship between the size of the inflorescence as meas-

ured by the number of flowers produced and the position of the

flowers which mature their ovaries into fruits.

4. There is practically speaking no correlation betw^een the

number of flowers on the inflorescence and the number of seeds

matured per locule. This is apparently in part due to the negative

correlation between the number of fruits matured and number of

seeds per locule. If correction for the number of fruits be made
it is shown that the inflorescences which produce the larger

numbers of flowers also mature shghtly larger numbers of seeds

per locule.

5. There is a slight negative correlation between the number of

fruits ripened per inflorescence and the number of seeds matured

per locule.

The physiological significance of (4) and (5) is considered.

6. The fertility of the fruits tends to decrease slightly, and

approximately uniformly, from the proximal to the distal end of

the inflorescence.

7. While there is little relationship between number of flowers

or number of fruits per inflorescence or position on the inflores-

cence and the number of seeds per locule, the correlation between

the number of seeds in the 3 locules of the fruit is high. Thus
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there are as yet unmeasurable factors which influence in a similar

manner the seed production of the 3 locules of the same ovary.

These may be in part ecological, depending upon accidents of

fertilization, and in part physiological.

The result of greatest importance derived from this investiga-

tion is the generally low correlation between the meristic char-

acters of the inflorescence and fruit and seed production. While

variation in seed production is clearly the resultant of underlying

causes, these "causes" are not easily located in. the variations of

the magnitudes of any of the antecedently formed structures.

Thus there is little relationship between the number of flowers

formed per inflorescence and the number of seeds matured per

locule. This conclusion, that there is but a low correlation be-

tween somatic characters and fertility, is in full agreement with

those drawn from a consideration of the relationship between the

number of parts of the involucral whorl and fertility in Hibiscus

(Harris, 11).

This conclusion is not shaken by the more substantial corre-

lations formed between number of pods and number of ovules

and seeds in Phaseolus (Harris, 14), for here, as in Sanguinaria

(Harris, 10) and in Nothoscordum and Allium (Harris, '09 b),

we have questions of possible age differentiation in the perennials

or of the somatic character measured standing more directly m
relation to the fertility characters as means of support, conducting

tracts for plastic materials, or as an actual source of the elabora-

tion of plastic materials.
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